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[57] ABSTRACT

A volt/frequency meter includes LED arrays which
provide bar-graph style meter displays of the instanta-
neous voltage and the frequency of a variable electric
analog signal. Each LED in the voltage array corre-
sponds to a predetermined voltage range and each LED
in the frequency array corresponds to a predetermined
frequency range. The meter 1s switchable among three
different voltage scales and three different frequency
scales. A separate LED flashes momentarily in response
to the input signal crossing a user-determined himit set
point which is adjusted through a knob on the front
panel. The limit set point controls the operation of the
frequency display such that the displayed frequency is
the rate at which the analog signal crosses the limit set
point.

19 Claims, 6 Drawing Sheets
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FREQUENCY AND INSTANTANEOUS VOLTAGE
LEVEL METER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to devices for display-
ing parameter values for variable electrical signals and,
in particular, to devices for displaying the voltage and
frequency of such signals.

2. Description of the Prior Art

Voltage frequency meters have heretofore been pro-
vided which will afford a display of the voltage or the
- frequency of an input signal, the choice being selectable
by the user. But such devices do not permit the simulta-
neous display of both the voltage and the frequency of
the signal.

Most voltage and frequency meters give displays of

the peak or average values of the signal. 1t is known to
provide a bar graph-type display which more graphi-
cally illustrates the fluctuations in the peak or average
values of the signal. But such prior devices have not
heretofore displayed instantaneous values and have not
displayed both the peaks and the valleys of an alternat-
ing signal so that the fluctuations in the signal can more
readily be observed. Furthermore, prior meters have
not provided an indication of the nature of the wave-
form of the input signal.

SUMMARY OF THE INVENTION

It 1s a general object of the invention to provide an
improved electrical signal meter which avoids the dis-
advantages of prior meters while affording additional
structural and operating advantages.

An important feature of the invention is the provision
of a meter device for a variable electric analog signal
which provides a visual display of the instantaneous
level of -a predetermined signal parameter.

In connection with the foregoing feature, another
feature of the invention is the provision of a meter appa-
ratus of the type set forth which affords simultaneous
display of the levels of two different signal parameters.

Still another feature of the invention is the provision
of a meter apparatus of the type set forth which affords
a display of instantaneous parameter values so as to
follow the peaks and valleys of an alternating signal.

Still another feature of the invention is the provision
of a meter apparatus of the type set forth which pro-
vides an indication when the input signal crosses a pre-
determined set point limit.

In connection with the foregoing feature, another
feature of the invention is the provision of an apparatus
of the type set forth which affords selection of the set
point limit and selective display thereof.

Yet another feature of the invention is the provision
of an apparatus of the type set forth which displays the
frequency with which the input signal crosses the limit
level.

Another feature of the invention is the provision of an
apparatus of the type set forth which provides an indi-
cation of even a momentary crossing of the limit level.

" A further feature of the invention is the provision of
an apparatus of the type set forth which provides an
indication of the nature of the input signal.

These and other features of the invention are attained
by providing an apparatus for providing a visual display
of the instantaneous level of a variable electric analog
signal comprising: first display means including a series
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of display elements respectively corresponding to dif-
ferent predetermined signal level ranges, display drive
means coupled to the first display means and responsive
to the analog signal for activating a display element for
as long as the instantaneous level of the analog signal
lies in the range corresponding to the display element,
limit selection means for selecting a predetermined
limit, comparison means for comparing the analog sig-
nal to the predetermined limit and generating a limit
signal when the instantaneous level of the analog signal
passes beyond the predetermined limit, and second dis-
play means coupled to the comparison means and re-
sponsive to the limit signal for producing a visual indi-
cation.

SUMMARY OF THE INVENTION

The invention consists of certain novel features and a
combination of parts hereinafter fully described, illus-
trated in the accompanying drawings, and particularly
pointed out in the appended claims, it being understood
that various changes in the details may be made without
departing from the spint, or sacrificing any of the ad-
vantages of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of facilitating an understanding of
the mvention, there 1s illustrated in the accompanying
drawings a preferred embodiment thereof, from an in-
spection of which, when considered in connection with
the following description, the invention, its construc-
tion and operation, and many of its advantages should
be readily understood and appreciated.

FIG. 11s a perspective view of a meter constructed in
accordance with and embodying the features of the
present invention;

FIG. 2 15 a schematic circuit diagram of the circuitry
of the meter of FIG. 1;

FIG. 3 is a fragmentary front elevational view of the
front panel of the meter of FIG. 1, illustrating display of
a zero level voltage signal;

FIG. 3A is a graphical representation of the voltage
signal being displayed i FIG. 3;

FIG. 4 1s a view similar to FIG. 3 illustrating display
of another voltage signal;

FIG. 4A is a graphical representation of the signal
being displayed in FI1G. 4;

FIG. § i1s a view similar to FIG. 3 illustrating display
of the constant voltage signal;

FI1G. SA is a graphical representation of the signal
displayed in FIG. §;

FI1G. 6 1s a view similar to FIG. 3 illustrating display
of an alternating voltage signal;

FIG. 6A is a graphical representation of the voltage
signal displayed in FIG. 6;

FIG. 7 1s a view similar to FIG. 2 illustrating display
of another varying voltage signal;

FIG. 7A is a graphical representation of the voltage
signal displayed in FIG. 7;

FIG. 8 is a view similar to FIG. 3 illustrating display
of the voltage and frequency of another varying input
signal;

FIG. 8A 1s a graphical representation of the voltage
signal displayed in FIG. §;

FIG. 9 1s a view similar to FIG. 3 illustrating display
of the voltage and frequency of another alternating
input signal;
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FIG. 9A is a graphical representation of the signal
displayed in FIG. 9;

FIG. 10 is a view similar to FIG. 3 illustrating display
of the voltage and frequency of another input signal;
and

FIG. 10A is a graphical representation of the signal
displayed m F1G. 10.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, there is illustrated a voltage/fre-
quency meter 20, constructed in accordance with and
embodying the features of the present invention. The
meter 20 includes a rectangular, box-like housing 21
provided with a pair of battery leads 22 terminating in a
connector 23 for connection to an assoclated battery
power source, such as a 9-volt battery. The front of the
housing 21 is closed by a front panel 25 from which
project negative and positive input terminals 26 and 27,
respectively. Mounted in a complementary aperture in
the front panel 25 is a light-emitting diode (“LED”’) 28
and an associated adjustment knob 28z for a use to be
explained more fully below. Also projecting from the
front panel 25 is a2 push button switch 29 to permit view-
ing of the voltage level set by the adjustment knob 28g,
as will be explained below.

The front panel 25 also includes a voltage display 30
and a frequency display 35 which are of similar con-
struction. The voltage display 30 includes an array 31 of
a plurality of LEDs 32 arranged in a vertical column so
as to be visible through a complementary elongated
vertical aperture in the front panel 25. Alongside the
aperture are three rows of scale indicia 33, with each
row including a series of voltage values, the three rows
respectively corresponding to 1.0-volt, 35.0-volt and
20-volt scales. Selection among the three scales is ef-
fected by a selector switch 34. Similarly, the frequency
display 35 includes an array 36 of a plurality of LEDs 37
arranged in a vertical column and provided with associ-
ated scale indicia 38, corresponding respectively to 50
Hz., 200 Hz and 5.0 KHz frequency scales, selection
among which is effected by a selector switch 39.

Referring now also to FIG. 2, there is illustrated an
electrical circuit 40 which is contained within the hous-
ing 21. The circuit 40 includes a power supply 41 hav-
ing an integrated circuit (“IC”’) regulator 42. Connected
across the input terminals of the regulator 42 are the
series combination of a battery 43, which may be a
9-volt battery, and a pole 34b of the voltage scale selec-
tor switch 34, which is a double-pole, four-position
switch, including three positions respectively corre-
sponding to the voltage scales described above, and an
OFF position. The positive terminal of the battery 43
provides a 4V supply voltage to other parts of the
circuit 40, as will be explained more fully below. The
regulator 42 has a storage capacitor 44 and it operates to
convert the +V supply voltage to a negative voltage
which is provided at an output terminal connected to
the cathode of a diode 45, the anode of which 1s con-
nected to ground through a pump capacitor 46 for the
regulator 42. The diode 45 provides anti-latch protec-
tion for the regulator 42, and its anode 1s connected to
ground through a potentiometer 47.

The input terminals 26 and 27 of the meter 20 are
connected to an input amplifier circuit 50, which func-
tions to modify the input voltage to provide a full-scale
output of 2.40 volts to the voltage display 30 1in any of
the three voltage scales. The input voltage first passes
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through a voltage divider network including resistors
51, 52, 53, and 54. Resistor 52 is connected across the
input terminals 26 and 27, while the resistor 51 is con-
nected in series between the input terminal 27 and the
movable contact of a pole 34a of the selector switch 34.
The resistors 53 and 54 are respectively connected be-
tween the S5-volt and 20-volt scale positions of the
switch pole 34¢ and ground. The movable contact of
the switch pole 34a is connected to the non-inverting
input of an amplifier 55. The 1-volt terminal of the
switch pole 344¢ i1s unconnected so that when the 1-volt
scale is selected, the input voltage passes directly
through the resistor 51 to the amplifier 55 at full volt-
age. In the 5-volt range, the mmput is reduced by 5
through the voltage divider of resistors 51 and 33, and
in the 20-volt range, the input is reduced by 20 through
the voltage divider of resistors 51 and 54.

The inverting input terminal of the amplifier 335 1s
connected to the junction between a resistor 36 and a
potentiometer 57, which are connected in series be-
tween the output of the amplifier 85 and ground and
which function to set the gain of the amplifier 55, which
is preferably approximately 2.4. The potentiometer 57 1s
adjusted to calibrate the voltage display 30.

The output of the amplifier 55 is fed to a pulse detec-
tor circuit 60. More specifically, the cutput of the am-
plifier 55 is applied to the non-inverting input terminal
of an IC comparator 61, which input is also connected
through an input balancing resistor 58 to ground. The
non-inverting input terminal of the comparator 61 1is
connected to the wiper of a potentiometer 62, which 1s
connected in series with a resistor 63 between the +V
supply and ground to provide a preset voltage level for
the comparator 61. The comparator 61 is an open col-
lector type, requiring a pull-up resistor 64 which 1s
connected between its output and the +V supply. The
comparator output is also connected to the mnput of an
IC one-shot 65 which produces a pulse output, the
width of which is determined by an external capacitor
66 and resistor 67. The output of the one-shot 65 is
connected to the cathode of the LED 28, the anode of
which is connected through a current-limiting resistor
69 to the +V supply.

In operation, the pulse detector circuit 60 provides a
square wave pulse output, which occurs whenever the
input voltage rises above the user-determined preset
level. The square wave is used to drive the LED 28,
which flashes each time the input voltage passes above
the preset level. The resistor 63 serves to limit the ad-

50 justment range to within usable boundaries. The one-

35

65

shot 65 serves to ensure that the LED 28 will be visible
in the event of very narrow input pulses. More specifi-
cally, the one-shot 65 produces an output pulse of about
40 ms. duration at each low to high transition at the
output of the comparator 61.

The LED 28 is preferably packaged with the push
button switch 29, which is a single-pole, two-position
switch, by means of which the user can selectively view
the preset voltage level. In its normal position, illus-
trated in FIG. 2, switch 29 connects the output of the
amplifier 55 to the display meter drivers 70 and 71 of the
voltage display 30. Each of these drivers 70 and 71
drives one-half of the LEDs 32 of the array 31, these
LEDs being connected in parallel between the 4V
supply and the associated one of the dnivers 70 or 71,
which are linked by a resistor 72. A resistor 73 deter-
mines the full-scale meter voltage and a resistor 74 de-
termines the brightness of the display LLEDs 32. As can
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be seen 1n FIG. 1, the LEDs 32 provide a visual bar
graph representation of the imput voltage, as will be
explained in greater detail below. When the switch 29 is
depressed to its second position, 1t connects the set point
Jlevel input of the comparator 61 to the voltage display
30, so that the user can read that voltage level.

Because the display drivers 70 and 71 do not provide
outputs for “zero” a zero detector circuit 75 is pro-
vided. More specifically, an IC comparator 76 has its
non-inverting input connected to the switch 29 and has
its inverting input connected to the wiper of a potenti-
ometer 77, which is connected between the 4V supply
and ground. The reference level determined by the
potentiometer 77 is set so that the comparator 76 will
provide a low output when the input voltage is less than
about 24% of the full-scale voltage. This low output
sinks current for an LED 79, which is connected in
series with a current resistor 78 between the +V supply
and the output of the comparator 76. As can be seen in
FIG. 1, the LED 79 is positioned at the bottom of the
array 31.

The output of the comparator 61 of the pulse detector
60 also provides an input to a frequency-to-voltage
converter circuit 80, which serves to generate an analog
voltage which is representative of the input signal fre-
quency and which is used to drive the frequency display
35. More specifically, the output of the comparator 61 is
fed to the non-inverting input terminal of a comparator
81 through an impedance matching resistor 82. The
mnverting input terminal of the comparator 81 is con-
nected to the junction between resistors 83 and 84 of a
voltage divider, which is connected between the +V
supply and ground and which determines the crossover
point of the comparator 81. A resistor 85 is connected
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between the output and the inverting input terminals of 35

the comparator 81 to add hysteresis to stabilize the
circuit. The comparator 81 is provided with a +V
supply voltage that is also provided with a negative
supply potential of approximately —4 volts from the
wiper of the potentiometer 47 of the power supply 41.
Because of this bipolar supply, the low side of the
square wave output of the comparator 81 is below cir-
cuit ground potential.

The output of the comparator 81 is applied through a
current-limiting resistor 86 to the input of an IC fre-
quency-to-voltage converter 90. A resistor 91 and a
capacitor 92 are connected in parallel between this
input and ground to provide low-pass filtering. A ca-
pacitor 93 is connected between the converter 90 and
ground to reduce ripple at the output. A Zener diode 95
1s connected to regulate the output voltage of the con-
verter 90 against changes in battery voltage. Current
limiting for the Zener diode 95 is provided by a resistor
96, which is connected between the Zener cathode and
the +V supply. A resistor 97 provides current limiting
for a Zener diode internal to the converter 90. A resis-
tor 98 and a capacitor 99 are connected in parallel be-
tween the output of the converter 90 and ground to
provide filtering of the output signal.

The output of the converter 90 is applied to display
drivers 100 and 101 of the frequency display 35, which
may be identical to the drivers 70 and 71, described
above, and may be configured with the associated
LEDs 37 of the array 36 in the same manner as was
described above 1n connection with the voltage display
30. A resistor 102 links the drivers 100 and 101, while a
resistor 103 determines the full-scale meter voltage and
a resistor 104 determines the brightness of the LEDs 37.
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Frequency scaling 1s accomplished by means of the
scale selector switch 39, which is a double-pole, three-
position switch including poles 392 and 395. The pole
392 has a movable contact which is connected to the
converter 90 and three fixed contacts which are respec-
tively connected through capacitors 105q¢, 10556 and
105¢ to ground and respectively correspond to the 50
Hz, 200 Hz and 5 KHz scales. Similarly, the pole 395
has a movable contact connected to the converter 9
and three fixed contacts, respectively connected
through resistors 1064, 10656 and 106¢ to ground and
respectively correspond to the 50 Hz, 200 Hz and SKHz
scales.

Referring now also to FIGS. 3-10A, the operation of
the meter 20 will be described in greater detail in con-
nection with a number of different types of input sig-
nals. The user will first connect the input voltage source
to the input terminals 26 and 27 and then will turn on
the meter 20 by moving the voltage scale selector
switch 34 and the frequency scale selector switch 39 to
the desired voltage and frequency range scales for the
input signal (in this case the 1-volt and 50-Hz scales).
The movement of the voltage scale selector switch 34
from its OFF position will serve to power the circuit 40.
In FIG. 3A, there 1s illustrated an input signal 110
which is substantially zero volts, i.e., less than 24% of
the full scale input voltage.. As can be seen in FIG. 3,
this will cause illumination of the zero LED 79. Since
the selector switch 34 is set to the 1-volt scale, this
means that the input signal 110 has a voltage less than
0.025 volts.

In FIG. 4, the meter selector switch 34 is set to the
>-volt scale. If mput signal 111, illustrated in FIG. 4A,
is applied to the meter 20, only the top LED 32 of the
voltage display 30 is illuminated, indicating a 5-volt
mput signal. In fact, the voltage of the input signal 11
exceeds 5 volts, producing an over-range condition.
Thus, whenever the top LED is lit, the user knows that
the mput signal is either equal to the full-scale reading;
or is higher than the full-scale reading. By moving the
selector switch 34 to the next highest voltage scale, if
one 1s available, the user will obtain a more accurate
idea of the range of the mput voltage.

In F1G. SA there is illustrated an input signal 112
which is a DC signal of 3.5 volts. As can be seen in FIG.
5, this causes illumination of only the LED 32 opposite
the 3.5-volt range indicium on the voltage display 30.

It will be appreciated that, since none of the input
signals 110, 111, 112 is alternating, there will be no
frequency display, i.e., none of the LEDs 37 in the
frequency display 35 will be illuminated in FIGS. 3,4 or
5.

Each of the voltage display 30 and the frequency
display 35 operates such that each of the LEDs thereof
corresponds to a range of voltages or frequencies. Thus,
for example, the LED 32 opposite the 3.5 volt indicium
corresponds to a range of voltages between 3.5 volis
and 4.0 volts, when the meter is set to the 5 volt scale.
This LED 32 will be illuminated as long as the input
signal i1s 3.5 volts or greater but less than 4.0 volts. Thus,
for a DC input signal, only one LED will be illumi-
nated.

However, when the voltage of the input signal is
varying the situation is different. In FIG. 6A, there is
illustrated a sawtooth waveform 114 which varies be-
tween 1 and 4 volts. Since the voltage of the input

waveform 114 is continually changing it causes all of
the LEDs 32 between the 1.0 and 4.0-voit indicia to be
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illuminated. Each will be llluminated only as long as the
voltage is in its range. Since the input signal 114 passes
through each of these ranges twice each cycle of the
waveform, the LEDs will appear to the naked eye to be
substantially continuously lit, unless the frequency of
the input signal 114 is very low, e.g., less than 10 Hz.
Since the leading and trailing flanks of the sawtooth
waveform have substantially the same magnitude slope,
each 1lluminated LED 32 will appear to be illuminated
at the same brightness, this brightness being a function
of the percentage of a reference time interval (such as
one cycle of the input signal) during which the LED 1s
illuminated.

It 1s a another significant aspect of the invention that
the set point comparator 61 1s used to control the ire-
quency display 39, i.e., the frequency indicated on the
frequency display 35 is determined by the rate at which
the input signal crosses the set point value. Thus,
whether or not there is a frequency indication on the
frequency display 35 will be determined not only by
whether or not the input signal is an AC signal, but also
by the value of the set point voltage level. For example,
referring to FIGS. 6 and 6A, if the preset voltage level
is set at a voltage outside the range of the input signal,
i.e., less than 1.0 volts or greater than 4.0 volts, the input
signal 114 will never cross that preset voltage level.
Thus, there will be no mput to the frequency-to-voltage
converter circuit 80 and to the frequency display 35, as
can be seen in FIG. 6. Thus, the frequency display 35
will be blank, even though the mput signal 114 1s an AC
signal.

Referring to FIG. 7A, there is illustrated an input
signal 116 which 1s a noisy DC signal of about 2.87
volts. Since the noise m the signal will cause it to peri-
odically reach the 3.0 level, both the 2.5-volt and 3.0-
volt LEDs 32 will be illuminated in the voltage display
30, as 1s illustrated in FIG. 7. If the brightness of the two
LEDs 1s equal, the voltage ts midway therebetween,
i.e., 2.75 volts. In this case, the voltage 1s 2.87 volts, so
the 3.0 volt LED will be slightly brighter than the 2.5
volt LED.

Referring to FIG. 8A, there 1s illustrated a square
wave input signal 117 varying between 1 and 4 volts.
Since the voltage jumps instantaneously between the 1
and 4-volt levels, only the LEDs at the 1.0 and 4.0-volt
indicia will be illuminated. This is characteristic of a
square wave signal. If the set point level is between 1
and 4 volts, the frequency of the mput signal 117 will be
displayed. In this case, the 50 Hz scale is selected and
the frequency display 35 shows that the frequency of
the input signal is between 35 and 40 Hz.

It will be appreciated that the output of the pulse
detector comparator 61 will also cause the LED 28 to
be illuminated. Technically, the LED 28 is trniggered
once each cycle of the mnput signal 117. But, because of
the operation of the one-shot 65, which causes the LED
28 to be illuminated for about 40 ms for each crossing of
the set point level, the LED will be continuously illumui-
nated by a 35 Hz signal.

In FIG. 9A there is illustrated a sine wave input sig-
nal 118 having peaks at 1 volt and 4 volts. The voltage
display produced by this input signal is illustrated in
FI1G. 9. As 1n the case of FIG. 8, the LEDs for 1 volt
and 4 volts are illuminated but, in this case, since the
change between these voltage levels is not instanta-
neous, intermediate LEDs 32 are also illuminated with
varying degrees of brightness. This indicates an mput
signal with a varying rate of voltage change, signifying
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a sinusoidal signal. If the preset voltage level 1s set be-
tween 1 and 4 volts, the frequency display 335 will also
be activated. In this case, it indicates a frequency of
between 15 and 20 Hz. The LED 28 will also be illumi-
nated at the frequency of the signal 118, as was ex-
plained above which, to the naked eye, will appear to be
substantially continuous illumination. Thus, it can be
seen that the meter 20 indicates not only the voltage and
frequency, but also the nature of the input signal.

Referring to FIG. 10A, there 1s illustrated a square
wave input signal 119 varying between 1 volt and 4
volts, which is similar to the square wave of FIG. 8A,
except that it is at 2 much lower frequency. As was the
case with the square wave of FIG. 8A, the voltage
display 30 will have the LEDs 32 at the 1 and 4-volt
levels illuminated and, if the set point voltage level 1s
between 1 and 4 volts, the frequency display 35 will also
be activated. In this case, a small cluster of LEDs 37 at
the bottom of the frequency display 35 are lit. This
occurs due to the low frequency characteristics of the
frequency-to-voltage converter circuit 80. In order to
select the most nearly correct frequency, the operator
reads the LED nearest the center of the illuminated
cluster, in this case, the one corresponding to 10 Hz.

As was indicated above, whenever the operator
wishes to view the preset voltage level which has been
selected by means of the adjustment knob 284, he sim-
ply depresses the push button switch 29. As can be seen
in FIG. 2, this connects the preset level input of the
comparator 61 directly to the voltage display 30, so that
the preset voltage level will be displayed on the voltage
display 30. As soon as the switch 29 is released, it re-
turns to its normal position illustrated in FIG. 2 for
displaying the input signal.

It is a significant aspect of the invention that even a
single, instantaneous or momentary crossing of the pre-
set level by the input signal can be detected by the user.
For example, in the situation lustrated in FIGS. 6 and
6A, if the preset level were between 0 and 1 volt, in the
case of a malfunction in the device under test, or for
other reasons, the voltage level may momentarily drop
below 1 volt, for example to 0, and this may not be
detectable by the operator on the voltage display 30.
However, this crossing of the preset level will cause the
LED 28 to be illuminated and, by reason of the one-shot
65, this illumination will last for 40 ms, a more than
adequate time for the event to be seen by the operator.
Similarly, the meter 20 can be used to detect signals
which surpass a desired upper limit. This could occur
when measuring the voltage at a solenoid or other in-
ductive component which is being energized and de-
energized. Such devices often have protective circuitry
which suppresses the high voltage spike generated by a
collapsing magnetic field around the inductor, which
spikes could damage other circuitry in the system. In
measuring a solenoid operating from a square wave
alternating, e.g., between a peak of 12 volts and a value
of 0 volts, the preset level could be set to 14 volts. If the
suppression circuitry is operating properly, the LED 28
would not be illuminated. However, if the suppression
circuitry fails, high voltage spikes will be present and
the LED 28 will indicate their existence.

In a constructional model of the invention, the ampli-
fier 5§ and the comparator 81 may each be a TLC 271
and the comparators 61 and 76 may each be an LM 311.
The one-shot 65 is a CD 4538, the regulator 42 1s an ICL
7660, each of the display drivers 70, 71, 100 and 101 is
an LM 3914 and the converter 90 1s an LM 2917. While
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the meter 20 has been described as providing certain
predetermined voltage and frequency scales, 1t will be
appreciated that other scale ranges could be provided.

From the foregoing, it can be seen that there has been
provided an improved voltage/frequency meter which
is capable of providing, simultaneously, bar-graph dis-
plays of both the instantaneous voltage and the fre-
quency of an input signal, which affords an indication of
the nature of the input signal, and which indicates even
momentary passage of the input signal beyond a preset
limit, all with the use of simple and inexpensive LED
display elements.

We claim:

1. An apparatus for providing a visual display of an
instantaneous level of a variable electric analog signal
comprising: first display means including a series of
display elements respectively corresponding to differ-
ent predetermined signal level ranges, display drive
means coupled to said first display means and respon-
sive to the analog signal for activating a display element
for only as long as the instantaneous level of the analog
signal lies in the range corresponding to the display
element, limit selection means for selecting a predeter-
mined limit, comparison means for comparing the ana-
log signal to the predetermined limit and generating a
limit signal when the instantaneous level of the analog
signal crosses beyond the predetermined limit, and sec-
ond display means coupled to said comparison means
and responsive to said limit signal for producing a visual
indication.

2. The apparatus of claim 1, wherein each of said
display elements is a light emitting diode.

3. The apparatus of claim 1, wherein said second
display means includes a light emitting diode.

4. The apparatus of claim 3, wherein said second
display means includes means for maintaining said light
emitting diode energized for a predetermined time per-
iod in response to said limit signal.

5. The apparatus of claim 1, wherein said comparison
means includes means for generating said limit signal
‘when the instantaneous level of the analog signal
crosses above the predetermined limit.

6. The apparatus of claim 1, and further comprising
means coupling said limit selection means to said first
display means for displaying the predetermined limit.

7. The apparatus of claim 1, wherein said display
drive means includes means responsive to the voltage of
the analog signal for activating a display element for as
long as the instantaneous voltage of the analog signal
lies in a voltage range corresponding to the display
element.

8. The apparatus of claim 1, wherein said display
drive means cooperates with said first display means for
causing each display element to produce a visible light
the intensity of which is directly proportional to the
time duration that the instantaneous level of the analog
signal lies in the range corresponding to the display
element.

9. Apparatus for providing a visual display of the
instantaneous voltage and the frequency of a variable
electric analog signal comprising: voltage display means
including a series of voltage display elements respec-
tively corresponding to different voltage level ranges,
voltage display drive means coupled to said voltage
display means and responsive to the analog signal for
causing a voltage display element to produce a visual
indication for only as long as the instantaneous voltage
of the analog signal lies in the voltage level range corre-
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sponding to the display element, frequency display
means including a series of frequency display elements
respectively corresponding to different frequency
ranges, means responsive to the analog signal for gener-
ating a drive signal having the frequency of the analog
signal, and frequency display drive means coupled to
the frequency display means and responsive to the drive
signal for causing a frequency display element to pro-
duce a visual indication when the frequency of the
analog signal lies in the frequency range corresponding
to the frequency display eiement.

10. The apparatus of claim 9, wherein said frequency
display drive means includes a frequency-to-voltage
converter.

11. The apparatus of claim 9, and further comprising
means for varying the frequency and voltage ranges
which respectively correspond to said voltage display
elements and said frequency display elements.

12. The apparatus of claim 9, wherein said means
responsive to the analog signal includes comparison
means for comparing the analog signal to a predeter-
mined limit and generating a limit signal when the in-
stantaneous level of the analog signal crosses the prede-
termined limit.

13. The apparatus of claim 12, wherein said means
responsive to the analog signal further includes himit
selection means for selecting said predetermined limit.

14. The apparatus of claim 12, wherein said frequency
display drive means includes means connected to said
comparison means for displaying the frequency of said
limat signal.

15. Apparatus for providing a visual display of the
instantaneous voltage and the frequency of a variable
electric analog signal comprising: voltage display means
including a series of voltage display elements respec-
tively corresponding to different voltage level ranges,
voltage display drive means coupled to said voltage
display means and responsive to the analog signal for
causing a voltage display element to produce a visual
indication for as long as the instantaneous voltage of the
analog signal lies in the voltage level range correspond-
ing to the display element, limit selection means for
selecting a predetermined voltage limit, comparison
means for comparing the analog signal to the predeter-
mined voltage limit and generating a limit signal when
the instantaneous voltage of the analog signal passes
beyond the predetermined limit, limit display means
coupled to said comparison means and responsive to
said limit signal for producing a visual indication, fre-
quency display means including a series of frequency
display elements respectively corresponding to differ-
ent frequency ranges, means responsive to the hmit
signal for generating a drive signal having the fre-
quency of the limit signal, and frequency display drive
means coupled to the frequency display means and
responsive to the drive signal for causing a frequency
display element to produce a visual indication when the
frequency of the limit signal lies in the frequency range
corresponding to the frequency display element.

16. The apparatus of claim 15, wherein said limit
display means includes means for maintaining said vi-
sual indication for a predetermined time period in re-
sponse to said limit signal.

17. The apparatus of claim 15, and further comprising
means coupling said limit selection means to said volt-
age display means for displaying the predetermined

limat.
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18. The apparatus of claim 15, wherein said voltage
display drive means cooperates with said voltage dis-
play means for causing each voltage display element to
produce a visible light the intensity of which is directly
proportional to the time duration that the instantaneous
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voltage of the analog signal lies in the voltage level
range corresponding to the voltage display element.
19. The apparatus of claim 15, and further comprising
means for varying the frequency and voltage ranges
which respectively correspond to said voltage display

elements and said frequency display elements.
* * ¥ 3 *
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